We examined constraints on soil CO 2 respiration in natural oak woodlands, and adjacent vineyards that were converted approximately 30 yr ago from oak woodlands, in the Oakville Region of Napa Valley, California. All sites were located on the same soil type, a Bale (variant) gravelly loam (fine-loamy, mixed, superactive, thermic Cumulic Ultic Haploxeroll) and dominated by C 3 vegetation. Seasonal soil CO 2 efflux was greatest at the oak woodland sites, although during the summer drought the rates of soil CO 2 efflux measured from oak sites were generally similar to those measured from the vineyards. Soil profile CO 2 concentrations at the oak woodland sites were lower below 15 cm despite higher CO 2 efflux rates. Soil gas diffusion coefficients for oak sites were larger than for vineyard sites, and this indicated that the apparent discrepancy in soil profile carbon dioxide concentration ([CO 2 ]) may be caused by a diffusion limitation. Soil profile [CO 2 ] and d 13 C values showed substantial temporal changes over the course of a year. Vineyard soil CO 2 was more depleted in 13 CO 2 below 25 cm in the soil profile during the active growing season as indicated by more negative d 13 C ratios. This result indicated that different C sources were being oxidized in vineyard soils. Annual C losses were less from vineyard soils (7.02 6 0.58 Mg C ha 21 yr 21 ) as compared to oak soils (15.67 6 1.44 Mg C ha 21 yr 21 ), and both were comparable to losses reported in previous investigations.
I N THE CENTRAL PACIFIC COAST region of North America, there has been extensive conversion of oak woodlands and oak woodland-grasslands to agricultural ecosystems consisting of woody perennials like grapevine. Estimates show nearly one million vineyard acres in California, and about half of it is located in the coastal regions (Heaton and Merenlender, 2000) and Sierra Nevada foothills. Understanding the influence of land use conversion on the carbon (C) cycle will improve our knowledge of the origin and magnitude of carbon dioxide (CO 2 ) production and consumption processes, as CO 2 contributes more to radiative forcing than any other greenhouse gas (McCarthy et al., 2001) . Deforestation of woodlands and replacement with cultivated agricultural systems and pastures has resulted in substantial release of soil C (Guo and Gifford, 2002; Lal, 2002; Norby et al., 2002; Olsson and Ardo, 2002; Dahlgren et al., 2003) -an estimated 30% decrease in soil organic carbon (SOC) occurs in temperate soils within 20 yr after first cultivation (West and Post, 2002) . Our lack of knowledge of C cycle processes following conversion of natural systems to perennial agricultural systems, and the added spatial heterogeneity it imposes at the landscape scale, is reflected in recent attempts to quantify terrestrial C fluxes over larger continental scales (Chen et al., 2000; Pacala et al., 2001) which are poorly defined.
Soil CO 2 efflux, or "soil respiration," is one of the more important components of ecosystem C budgets. Soil respiration consists of organic matter oxidation, root respiration, and rhizosphere respiration (i.e., microbial consumption of root exudates and contents of sloughed cells) (Hanson et al., 2001) . Soil respired CO 2 represents the ultimate oxidative fate of soil C, and the C lost from terrestrial ecosystems occurs mainly through soil respiration (Amundson, 2001) . These C losses are generally many times greater than losses from leaching and erosion (Hao et al., 2001; Lal, 2003; Pardini et al., 2003) , although erosion can be a major contributor in some systems (Jacinthe et al., 2004) . Agriculture related emissions are thought to contribute to approximately 26% of the total global anthropogenic CO 2 flux .
Soil and/or ecosystem respiration has been characterized for a limited number of Mediterranean oak biomes (see Table 1 ). These investigations have focused on environmental controls on soil respiration and natural ecosystems where soils are undisturbed. For example, Piñ ol et al. (1995) and Joffre et al. (2003) examined soil respiration for Quercus ilex montane forests in Spain, and Reichstein et al. (2002) tracked ecosystem respiration of mixed holm oak forests in Italy. Reichstein et al. (2002) and Joffre et al. (2003) both observed that soil moisture content was a better estimator of soil respiration rate than soil temperature, while Piñol et al. (1995) found that soil temperature rather than soil moisture was the better predictor at their sites. These studies begin to document the influence of Mediterranean climates on soil respiration, and provide information about the magnitude of fluxes in natural systems. Nonetheless, both agricultural and urban encroachment continue to change these landscapes and information is lacking on how conversion to cropping systems influences the magnitude of the CO 2 flux as well as sourcesink relations. We are unaware of any studies that have examined the influence of land use conversion on C cycling in Mediterranean ecosystems dominated by perennial woody plants.
In this investigation we hypothesized that conversion of oak woodlands to vineyards increases the proportion of C respired from more recalcitrant C sources in the vineyard soils relative to the oak woodland soils. At the same time, we proposed that the magnitude of soil respiration declines under cultivation of a perennial crop because long-term cultivation decreases nonrecalcitrant C in the plow layer. To accomplish these objectives, we monitored net soil CO 2 efflux, CO 2 concentration, and d 13 C of CO 2 with depth for three oak woodland sites and three adjacent vineyard sites that were converted from oak woodlands approximately 30 yr ago. Since long-term cultural practices at the vineyard site (cultivation and tractor passes for management activities) have changed soil physical characteristics, we also examined soil physical properties that might constrain soil CO 2 efflux.
MATERIALS AND METHODS Study Sites
The study consisted of three oak woodland and three vineyard sites with known land use histories in the Oakville Region of Napa Valley, California. The vineyard sites were formerly part of the adjacent oak woodlands before their conversion to vineyards. The oak woodlands were mainly composed of Quercus lobata Né e and Q. lobata hybrids, and had functional canopy diameters of .15 m. All oak sites had .80% canopy cover. The understories in the oak woodlands were a mix of annual C 3 grasses and forbs. The vineyard sites were planted to Vitis vinifera L. cv. Merlot grafted onto two locally common rootstocks, 101-14 Mgt. (V. riparia 3 V. rupestris cv. 101-14 Millardet de Gramanet), and 1103 P (V. berlandieri 3 V. rupestris cv. 1103 Paulsen). The vineyards were converted directly from oak woodlands 30 to 32 yr ago (Far Niente Winery, historical records). All sites in this study were located on the same soil type, a Bale (variant) gravelly loam. The Oakville region averages 825.5 mm of annual precipitation and has a mean annual temperature of 14.38C (CIMIS, California Department of Water Resources). All sites were located between 40 and 55 m altitude above sea level.
The vineyards had 2.42-m-wide rows, and 2.19-m vine spacing (1868 vines ha 21 ). The rows are tilled twice each year (during April of 2003) and the vineyard berm is sprayed with glyphosate [N-(phosphonomethyl)glycine] annually. Sulfur was applied to the vines twice during the year. The vineyard berms, a 61-cm-wide strip immediately underneath the vines, were not physically disturbed during any vineyard management activities, and this is where the soil efflux collars were installed. No irrigation was applied during the course of the experiment to the vineyards in which the soil efflux collars were installed.
Soil Characteristics
Approximately 3 kg of mineral soils (0-to 20-cm depth) were collected at each of three locations in each site, bulked, sieved (2-mm mesh), and air-dried. Total C and N contents were measured by combustion using a C and N analyzer on a mass spectrometer (Hydra 20/20; PDZ Europa, Crewe, UK). Soil pH was measured according to the saturated paste method. Particle size analysis was determined by soil suspension, and soil bulk density was determined by the core method (8-cm diameter by 6-cm depth).
Soil Efflux Measurements
To develop an idea of annual soil C lost through soil respiration, we measured soil CO 2 efflux in situ using a nondispersive infrared gas analyzer (Model LI-6400/6400-09; LI-COR, Lincoln, NE). Twelve permanent 10.16-cm-diameter polyvinyl chloride (PVC) collars were inserted 2 cm into the mineral soil 1 mo before the first measurement. All vegetation within the collars was removed. A pair of collars was installed at each of the three oak woodland and vineyard sites (n 5 6 for each land-use type). Vineyard soil respiration collars were placed within the vine rows and underneath the canopies. The collars at the oak woodland sites were placed underneath canopies where there was greater than 80% oak canopy cover. All efflux measurements were corrected for vapor pressure, soil temperature, and chamber temperature. Percent gravimetric soil moisture content at 0 to 20 cm was determined following each efflux measurement.
The soil respiration measurements were made between approximately 1200 and 1400 h every 2 to 3 wk from October 2002 to December 2003. Measurements of diurnal CO 2 efflux indicated a 20% decline at dusk and early morning during the active growing season, with rates reaching a plateau between approximately 1100 and 1500 h (data not shown). In December 2002 the area received 510 mm of rainfall and the sites were inaccessible during the scheduled measurement interval. Once we obtained annual CO 2 -C efflux measurements, we calculated annual soil C losses by integrating the efflux rate for each site over time and incorporating the observed nighttime decrease. This allowed us to estimate a value for annual soil C loss.
Soil Profile Carbon Dioxide Measurements
Soil gas was sampled bimonthly from an array of permanently established stainless steel gas sampling tubes constructed as described by Piñ ol et al. (1995) . Arrays of six tubes were installed at depths of 15, 25, 45, 65, 85, and 105 cm in the three oak woodland and vineyard sites. All arrays were installed 1 mo before the first sampling date. Each array was established within 2 m of two soil efflux collars. Before sampling from each soil gas tube, 10 mL of air were removed and discarded. Samples of soil gas (13 mL) were then withdrawn and injected into a 12-mL vacutainer (Labco Limited, High Wycombe, UK). Samples of ambient CO 2 were obtained 10 cm above the soil surface at each array on each sampling date. The samples were analyzed for 13 C abundance at the University of California, Davis, stable isotope facility using a mass spectrometer (Geo 20/20; PDZ Europa). The 13 C abundance in soil CO 2 was expressed as a ratio according to the following formula:
where R sample and R standard were the respective 13 C to 12 C ratios for the sample and a universal standard (PeeDee Belemnite [PDB]; Farquhar et al., 1989) . A gas chromatograph with a capillary column focused CO 2 before entering the mass spectrometer, and was used to obtain measures of sample [CO 2 ] with an in-line thermal conductivity detector. 
Diffusion Coefficients
Intact cores of soil (8-cm diameter 3 6-cm depth) were removed from areas adjacent to the gas sampling arrays. The intact cores were placed in gas diffusion chambers (Rolston, 1986 ) with a known concentration of Freon-12 gas in the reservoir chamber. Freon concentrations in the reservoir were measured every 15 min on a Model 310 gas chromatograph (GC) (SRI Instruments, Torrance, CA) with a flame ionization detector (FID) to determine the rate of diffusion through the soil core (Rolston, 1986) . Modeled values for the diffusion coefficients were determined using the Buckingham-Burdine-Campbell (BBC) gas diffusivity model (Moldrup et al., 1999) :
where D p is the soil gas diffusion coefficient, D 0 is the gas diffusion coefficient in air (m 2 air s 21 ), B is the total soil porosity, e is the air-filled porosity, and b is the Campbell poresize distribution parameter. The b parameter was estimated from the clay fraction (CF) of the respective soils according to the equation described by Rolston (1986) 
Statistical Analyses
Soil CO 2 efflux was analyzed according to a repeated measures ANOVA. Profile CO 2 and d 13 C measurements were analyzed using a mixed model ANOVA. The relationships between soil CO 2 efflux and soil moisture content and temperature were analyzed using multiple regressions. All statistical analyses were performed using SAS Version 8.3 (SAS Institute, 1990) , and levels of significance were based on the probability of committing a Type I error of P , 0.05.
RESULTS
Mineral soils at 0 to 20 cm in the vineyards and the oak woodlands had similar textures, but differed in total C and N contents, mineral N, and bulk density (Table 2) . Total C contents in the oak woodland soils had nearly twice the C content as the vineyard soils. Total N content followed a similar pattern, with the oak woodland soils having 67% more N than the vineyard. Vineyard soils had considerably lower extractable NH 4 1 contents (P , 0.05), while differences in extractable NO 3 2 contents were nonsignificant.
Soil Moisture and Temperature
Oak woodland soils had higher soil moisture than vineyard soils throughout most of the year (P , 0.05; Fig. 1a ). The peak moisture level for all sites occurred in January of 2003 after the area received 510 mm of rainfall. The last rainfall event of the 2002-2003 rainy season (October 2002-May 2003) occurred on 15 May, and there was no further precipitation until the second week of November of 2003. Despite the differences in moisture content, measured soil temperatures were not significantly different between oak woodland and vineyard sites over the course of the year (Fig. 1b ).
Soil Carbon Dioxide Efflux
Soil respiration increased in oak woodland and vineyard sites immediately after the first precipitation Fig. 1a ). After the abrupt increase in soil CO 2 efflux following first autumn rain, subsequent efflux rates during the wet season declined to levels that were still higher than observed during the previous summer. Efflux rates gradually increased during the late winter and early spring until a peak was reached in the middle of May (Fig. 1c ). At this time, soils were still moist, and soil temperatures were high (19.78C for the oak woodland sites, and 21.98C for the vineyard sites; Fig. 1a and 1b) . These warm moist conditions had the greatest effect on CO 2 production at the oak woodland sites with peak values at 9.89 6 0.80 mmol m 22 s 21 versus 3.16 6 0.36 mmol m 22 s 21 for the vineyard. Soil efflux rates were more strongly correlated with moisture content (multiple regression adjusted R 2 5 0.3052; P , 0.0043) than by soil temperature (adjusted R 2 5 0.0028; P 5 0.0580) at the oak woodland sites. Vineyard soil efflux rates were not well explained by either soil moisture content (P 5 0.2756) or temperature (P 5 0.4149).
With few exceptions, oak woodland soils tended to have greater respiration rates than the vineyard soils at any given time. Thus, the oak woodland soils had substantially greater annual efflux of CO 2 than the vineyard soils (P 5 0.0055; Fig. 1c ). The integrated average annual loss of C from the oak woodland soils through soil respiration was 15.76 6 1.44 Mg C ha 21 (mean 6 SE, n 5 3), while it was only 7.02 6 0.58 Mg C ha 21 from the vineyard soils.
Soil Profile
Soil [CO 2 ] was higher throughout much of the vineyard soil profile than the oak woodland profile (P 0.05; Fig. 2 ). The d 13 C ratios varied significantly with depth (P , 0.01; Fig. 3) , with CO 2 becoming increasingly depleted in 13 C at depths below 25 cm. The annual average d 13 C at depths below 30 cm was 221.83 6 0.13‰ (mean 6 SE, n 5 12) in vineyard soils, and 220.20 6 0.16‰ in oak woodland soils. Fig. 2 . Seasonal means and standard errors of the means of soil profile CO 2 concentrations in oak woodland and vineyard soils. During the winter and spring some sites were so waterlogged as to prevent sample gas extraction. As a result winter and spring points are composed of n 5 3-6 data points while summer and fall points are composed of n 5 12 data points.
Soil [CO 2 ] and CO 2 d 13 C showed seasonal trends that could be broken down temporally into "dry" (summer and fall) and "wet" (winter and spring) seasons. Soil [CO 2 ] was higher throughout the vineyard soil profile than in the oak woodland soil during the dry seasons ( Fig. 2; P , 0.05 ). During the dry season, oak woodland soil CO 2 was consistently more enriched in 13 C throughout the profile ( Fig. 3 ; P , 0.01). Soil CO 2 d 13 C values were at their most enriched during the summer when profile [CO 2 ] values were at their lowest (Fig. 3) .
During the wet season, the oak woodland soil profiles had higher [CO 2 ] and more depleted d 13 C at the 15-and 25-cm depths (Fig. 2 and 3 ). Soil profile [CO 2 ] was greatest during the wet season, and d 13 C patterns were similar among oak woodland and vineyard soils during this period (Fig. 2 and 3) . In the wet season, vineyard soils produced CO 2 that was significantly (P , 0.05) more enriched in 13 C at the 15-and 25-cm depths, while the oak woodland soils produced more 13 C enriched CO 2 in the lower depths ( Fig. 2 and 3 ).
Soil Physical Properties
Oak woodland soils tended to have higher soil CO 2 diffusion coefficients than the vineyard soils (Table 2) . Modeled values showed the same trend (Fig. 4) , although the absolute rates calculated according to the model were higher than the measured values at all three depths. Modeled diffusion coefficients for the oak woodland soils were greater at all moisture levels than were the vineyard diffusion coefficients (Fig. 4) . It should be noted that air-filled porosity drives the soil gas diffusion model, not moisture content (Rolston, 1986) . Even though oak woodland soils had greater gravimet- Fig. 3 . Seasonal means and standard errors of the means of soil profile CO 2 d 13 C values in oak woodland and vineyard soils. During the winter and spring some sites were so waterlogged as to prevent sample gas extraction. As a result, winter and spring points are composed of n 5 3-6 data points while summer and fall points are composed of n 5 12 data points.
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ric moisture contents, the oak woodland soils, with their greater total porosity, had higher air-filled porosities than the vineyard soils.
DISCUSSION
In these seasonally warm and dry Mediterranean climates, soil respiration in oak woodlands was driven more by soil moisture content than by temperature. Carbon dioxide efflux increased abruptly in the oak woodlands following the first autumn precipitation event (Fig. 1c) , and remained elevated throughout the period when gravimetric soil moisture content was above approximately 15% (Fig. 1a) , even though soil temperatures decreased through the fall and winter (Fig. 1b) . Several studies have examined the mechanisms behind this initial flush of CO 2 (Orchard and Cook, 1983; Van Gestel et al., 1993; Lundquist et al., 1999; Franzleubbers et al., 2000) , and it is likely that similar factors played a role in this system as well. These factors include water infiltration resulting in physical displacement of the soil atmosphere, releasing CO 2 accumulated in soil air space (Van Gestel et al., 1993; Smart and Peñ uelas, 2005) . Water addition also increases concentrations of dissolved organic carbon (DOC) by providing a solvent for previously lysed cell contents, and thus increasing microbial mineralization activity (Orchard and Cook, 1983; Van Gestel et al., 1993; Lundquist et al., 1999) . When oaks leaf out during spring (March 2003) , subsequent increases in photosynthetic activity may also contribute to the seasonal variation we observed in soil respiration.
Rates of soil CO 2 efflux were significantly lower from vineyard soils, but none of the seasonal changes observed in the oak woodlands were evident in vineyard soils even after the grapevines leafed out at the be-ginning of April 2003 (see Fig. 1 ). The comparatively slow rates of vineyard soil CO 2 efflux may have been a consequence of having lower total soil C ( Table 2 ). In a parallel laboratory incubation of these soils under controlled conditions, vineyard soils produced less CO 2 than oak woodland soils under equal soil moisture content and temperature conditions (Carlisle, unpublished data). In the soil profile, neither soil moisture content at 20 cm nor soil temperature explained significant variation in CO 2 efflux. These data suggest that another factor, such as availability of labile C, may have limited soil respiration in the vineyards more than water or temperature.
The presence of high [CO 2 ] in vineyard soil profiles in comparison with oak woodlands suggested that soil physical properties caused increased diffusive resistance to CO 2 movement (Gaertig et al., 2002) . Higher bulk densities and smaller soil CO 2 diffusion coefficients (D g ) in vineyard soils at all depths measured (Table 2) supported this hypothesis. Hashimoto and Suzuki (2002) found that diffusion coefficients decreased with depth in forest soils as a consequence of decreasing porosity at lower depths. Our soils also showed diminished porosity with depth (Table 2) , but the change was greater for the cultivated vineyard soils. Long-term annual cultivation of soils increases bulk density (Onwualu and Anazodo, 1989; Pagliai et al., 2004;  Table 2 ), diminishes porosity, and thus alters the effective soil gas diffusivities. In addition to lower CO 2 production, lower diffusion coefficients may account for the lower rates of CO 2 efflux and higher CO 2 concentrations in vineyard soil profiles. Seasonality (i.e., wet or dry season) influenced soil profile [CO 2 ] in the oak woodland and vineyard soils. During the summer, the [CO 2 ] was at its lowest in both soils, most likely as a result of decreased microbial activity and increased movement of CO 2 through the Fig. 4 . Modeled diffusion coefficients for vineyard and oak woodland soils for two depths (0-6 and 6-12 cm) as calculated for different soil water contents.
soil profile in comparison to the wet season. Greater soil microbial activity and root respiration from annual grasses and forbs under the oaks may have contributed to the higher surface CO 2 concentrations in the oak woodlands during the wet season (see Fig. 2 ). Respiration by roots of the perennial oaks may have been higher in the oak woodland soils, as a large percentage of the total root mass exists within 50 cm of the surface (Millikin and Bledsoe, 1999) . The contribution by oak and grapevine roots probably was negligible until spring since the oaks and grapevines did not start to leaf out until the third week of March and the first week of April, respectively. The high [CO 2 ] in soil profiles during the "wet" season in both soils may be attributed to high soil moisture content, which caused lower diffusion rates of CO 2 through the profile. In studies of fir and beech systems, it has also been noted that [CO 2 ] increases as soil moisture content does (Certini et al., 2003) . There was an obvious seasonal shift in d 13 C of CO 2 to a more positive value in both the oak woodland and vineyard soils beneath approximately 15 cm (Fig. 3) , and the shift was much larger in the oak woodland soils. The shift to a more enriched d 13 C value corresponded to a decrease in soil moisture content (Fig. 1a ), increased soil temperature (Fig. 1a) , and a decline in soil [CO 2 ] (Fig. 2) . The isotopic signature of soil respired C is generally representative of the C source oxidized (Amundson et al., 1998) , and SOC becomes increasingly enriched in 13 C as depth increases before stabilizing (Ehleringer et al., 2000; Accoe et al., 2002; Fessenden and Ehleringer, 2003) . Older SOC is more enriched in 13 C than fresh SOC and litter. In addition, the soil atmosphere CO 2 should theoretically be enriched by roughly 4.4‰ relative to the respired source at each depth due to differences between the diffusivities of 12 CO 2 and 13 CO 2 (Amundson et al., 1998) . Thus, we hypothesized that soils with a steady input of 13 C depleted plant material such as the oak woodland sites should be relatively less enriched in 13 C, at least at the surface, than soils from the vineyards. Conversely, surface soils in vineyards should be more enriched in 13 C, since aboveground C inputs have been restricted, and root biomass, which is slightly enriched in 13 C relative to aboveground tissues (Ehleringer et al., 2000) , provides a relatively greater proportion of C to the soil.
A laboratory incubation experiment provided supporting data for the above. Surface soils (20 cm) from the same sites incubated under controlled laboratory conditions indicated that oak woodland soils were about 1.0 6 0.2‰ (mean 6 SE, n 5 6) more depleted in 13 C, as compared with the vineyard soils (Carlisle, unpublished data). Our field results, on the other hand, did not support this contention. Under field conditions, where root respiration is a major component of soil CO 2 efflux and soil moisture and temperature conditions are not controlled, the d 13 C of soil CO 2 showed trends similar to the laboratory data during winter and spring at the depths of 15 and 25 cm (Fig. 3) . However, during the dry summer and fall seasons, the vineyard soils had more depleted d 13 C values for CO 2 at the uppermost two depths (Fig. 3) . This shift in d 13 C in the top 25 cm was attributed to increased microbial and annual herbaceous root activity during the wet season in the oak woodland sites that was not present in the vineyard sites.
Differences between the results in the field versus those in the incubation experiment also suggest that abiotic factors influenced the d 13 C of the soil CO 2 . The greater d 13 C values throughout the profile in soils during the summer as compared to the wet season may have been moisture related. Other studies in annual crops, such as maize and winter wheat (Schü ßler et al., 2000) and coniferous forests (Fessenden and Ehleringer, 2003) , have also observed an enrichment the d 13 C of soil CO 2 during the dry summer season. The highly enriched d 13 C values in the oak woodland soils during the summer may have been a result of easier exchange of atmospheric CO 2 (d 13 C of 2 8‰) into the soil profile as diffusion constants increased with lower soil moisture, at least for the 15-cm depth. The more positive CO 2 d 13 C values of the remainder of the oak woodland soil profile relative to the vineyard soil profile may have been produced by deeper (.1 m), older, and more highly degraded SOC (Melillo et al., 1989; Ehleringer et al., 2000) . As the soil gradually dried down and efflux rates approached their lowest values (Fig. 1c) , CO 2 produced from the deeper SOC may have moved more easily through the soil profile.
Over the course of the entire year, the oak woodland soil CO 2 was significantly more enriched in 13 C throughout the year in the lower profile depths (45-105 cm). This suggests that different relative contributions of organic matter oxidation and root and rhizosphere respiration in the oak woodland versus vineyard systems may play a role in the d 13 C of profile CO 2 . Grapevine roots, including the rootstocks 1103P and 101-14 Mgt, have deep and uniform depth distributions, as compared with oak woodlands . The generally more negative values of d 13 CO 2 in the vineyard profile either reflect that a greater proportion of 13 C-depleted recalcitrant C pools are undergoing oxidation (Wedin et al., 1995) , or that a greater proportion of soil respiration is derived from root and rhizosphere respiration, which, while more enriched in 13 C relative to aboveground biomass, is still less enriched than older microbial degraded SOM (Ehleringer et al., 2000) . These data do not necessarily fully support our hypothesis that vineyard soil respiration would be derived from more recalcitrant sources of C than oak woodland soils. Rather, it suggests that root respiration at depth is a more important component of respiratory C losses in the vineyard and that older more recalcitrant C sources have been greatly depleted in the vineyard soil in comparison to the oak woodland soils.
Our values for annual soil respired C losses for the vineyard and oak woodland systems are high, but within the range reported for other ecosystems (Table 1) . Vineyard soil respiration measurements were taken in the vineyard berms only where annual forbes and grasses are eliminated. The vineyard inter-rows supported some annual grasses. Our estimated annual soil respiration of these vineyards might be slightly greater if this were taken into account. Our measures represent respiration rates within the oak canopy, and our sites had nearly Reproduced from Journal of Environmental Quality. Published by ASA, CSSA, and SSSA. All copyrights reserved.
continuous canopy cover (.80%). In woodlands on different soil types, with greater oak densities, or oak savannas with lesser oak canopy cover, annual soil respiration C losses will surely differ from our estimates.
CONCLUSIONS
The conversion of natural ecosystems to agriculture results in loss of soil organic C. Such loss is a key driver of global change processes (Tilman et al., 2001) , and has a strong influence on soil carbon flow. Nonetheless, patterns and processes involved in carbon retention in Mediterranean environments like California have received little attention. This investigation has shown that the study oak woodland sites lose significantly more soil CO 2 than adjacent vineyards. Net C losses from the vineyard soils can be estimated from organic C contents (Table 2) at roughly 33 Mg per hectare since the vineyards were converted from oak woodlands 30 to 32 yr ago (Carlisle, unpublished data). Furthermore, soil physical properties that influence soil gas diffusion were altered. Cultural practices such as tillage and vineyard preparation had large impacts on SOC pools and SOC distribution through the soil profile. Soil [CO 2 ] and CO 2 d 13 C values from this investigation have shown that the respiration sources in the soil profile change with season and depth, and that soil moisture content has a large influence on soil respiration d 13 C values. Our estimates point to the clear need to develop a more acute understanding of the contribution of belowground production in perennial cropping systems, as well as in the perennial systems from which they were converted.
